Introduction

!
This is an extensive narrative review that aims to provide a thoroughgoing presentation of the magnitude and consequences of iatrogenic colonic perforations, with special emphasis on therapeutic perforations and, particularly, those after polypectomy. It is accepted that therapeutic colonoscopy is associated with a higher incidence of perforation [1] . Therapeutic interventions during colonoscopy include the removal of polyps and flat lesions, dilation of stenosis, electrocoagulation (e. g., angiodysplasias), and deployment of metal stents for malignant lesions. Polypectomy is the most common therapeutic intervention undertaken during colonoscopy. Adenomatous polyps are considered premalignant lesions, and their effective eradication has been shown to reduce the incidence of and mortality from colorectal cancer [2] . Recent recommendations on adenomatous polyp surveillance [3] and guidelines produced by the American Society for Gastrointestinal Endoscopy for colorectal cancer screening [4] have specifically mentioned complete removal of all polyps found during colonoscopy with the goal of leaving a clean colon at the end of the procedure. This attitude increases therapeutic maneuvers and consequently the risk of adverse events during endoscopy. The most serious of potential complications is perforation with leakage of bowel contents into the peritoneal space, the effects of which can be devastating, with a reported mortality rate of up to 5 % [1] . The endoscopist's experience and the number of colonoscopies performed (colonoscopy volume) are the two elements in constant interaction that potentially determine the frequenBackground and aim: Perforation of the colon as a result of endoscopic manipulation is considered a severe adverse event. The goal of this review is to present the expected incidence of perforation in relation to varying levels of difficulty in endoscopic exploration and polypectomy together with the whole context of mechanisms, predisposing factors, diagnosis, and the strategic management plan. Methods: An extensive search was undertaken in the Medline database for recent articles (published from 2000 onwards) in the English language using specific terms relating to the reported frequency of perforation during diagnostic and therapeutic colonoscopy in various medical settings and including morbidity, mortality, and appropriate management. Additional articles were retrieved irrespective of publication date to supplement where necessary data on important issues such as mechanisms of perforation, risk factors, diagnosis, and prevention. Results: The frequency of perforation was found to be 1 in 1400 for overall colonoscopies and 1 in 1000 for therapeutic colonoscopies. Varying perforation rates have been estimated for polypectomies, endoscopic mucosal resections, and endoscopic submucosal dissections. The mortality has dropped to 0 % in most studies, with the highest reported percentage being 0.02 %. Advanced age, female sex, the presence of multiple co-morbidities, diverticulosis, and bowel obstruction have been shown to increase the risk of perforation. The decision between surgery and nonoperative treatment will depend on the type of injury, the quality of bowel preparation, the underlying colonic pathology, and the clinical stability of the patient.
Conclusion:
The perforation rate has declined in recent years in relation to more historical series, but there is now an increasing trend as a consequence of advanced interventional endoscopy. Awareness and experience are the only preventive measures that can limit the incidence of perforation.
cy of perforation. There are no polypectomy series of any substantial size devoid of perforation and bleeding. With respect to the frequency of perforation (• " Table 1) , the main concern was to define a contemporary acceptable rate that conforms to recent knowledge, practices, and the relevant technological evolution. Consequently, a thorough literature investigation was undertaken in the Medline database up to December 2008 for original articles and related publications written in English, using the search terms "colonoscopic perforation," "complications of colonoscopy," and "endoscopic or iatrogenic colonic perforation." From the 31 articles retrieved, only 16 were selected based on the criteria that the year of publication was 2000 or later, that they included fairly recent colonoscopic series starting from 1990 onwards, and that adequate information was given on the number of procedures performed, the number of perforations, and mortality rates. Following the aforementioned criteria with the aim of uniformity and reproducibility of search standards and results, the publications included in the rest of the tables are either prospective or retrospective original studies retrieved from the Medline database within the same timeframe as described above and relevant to the subject under investigation. Information is provided on the number of perforations identified during or after therapeutic procedures such as polypectomies and endoscopic mucosal resection, time to diagnosis, and appropriate management, with the accompanying morbidity and mortality. In the main text of this review, complementary references from all the available literature are cited wherever appropriate for points of interest. In addition, the risk factors and preventive measures are discussed with the aim of further rationalizing the complexities of this serious complication.
Frequency of perforation
!
Frequency of perforation in the past and acceptable limits
There has been an effort to establish some minimum requirements for the provision of a safe and efficient colonoscopic procedure. One of the indicators of quality was an acceptable limit to the resultant iatrogenic perforations, which was first set at less than 1 in 1000 for overall colonoscopies and 1 in 2000 for screening colonoscopies [5] . More recently released quality criteria for the performance of colonoscopy have been slightly changed by resetting the limits to no more than 1 in 500 and 1 in 1000 respectively [6] . Is this a realistic goal or just an idealistic conception? The perforation rate in diagnostic colonoscopy ranges from 0.03 % to 0.8 %, and in therapeutic colonoscopy it is between 0.15 % and 3 % [7, 8] . Specifically the frequency of perforation after polypectomy has been reported to be 0.41 % per patient or 0.35 % per polyp (3.5 perforations per 1000 polypectomies) [9] . These incidence rates were derived from colonoscopic series that included cases starting from the early years of the introduction of colonoscopy back in 1970 up to 1994 [9, 10] . Certain changes in gastroenterology training and education over time and progressive advances in the technology and accessories used for polypectomy have succeeded in reducing the frequency of perforation or maintaining it in the lower range of what was previously reported.
Frequency of perforation in recent years
Fifteen studies [8, 11 -24] published from 2000 to 2008 presented information on the rate of perforations during colonoscopy either as a primary outcome or as an additional feature. They relate to colonoscopic series performed between 1990 and 2007 (• " Table 1). The data show that the rates of perforation have been kept between 0.07 % (overall colonoscopies) and 0.1 % (therapeutic colonoscopies). Differently presented, these results are in keeping with rates of perforation of 1 in 1400 and 1 in 1000, respectively. The mortality from this dreaded complication has dropped to 0 % in most studies, with the highest reported percentage being 
Frequency of perforation in different medical settings
A wide variety of different medical services and practices are represented in the published studies: hospitals, private practices, particular populations, multicenter collaborations, health care systems, etc. The cumulatively higher rates of perforation are reported from single centers and screening programs [13, 14, 24] (overall colonoscopies: 0.1 % and 0.13 % at single centers and in screening programs, respectively; for therapeutic colonoscopies the percentages are 0.13 % and 0.17 %). The lowest frequencies of perforation, by contrast, are reported in studies based on community practices (0.015 % and 0.05 % for overall and for therapeutic colonoscopies) [20, 23] . This is only comprehensible if one acknowledges that single centers can more efficiently retrieve information from databases in their possession, and screening programs are more likely to record prospectively and consequently to report complications more accurately. Community-based studies, by contrast, rely on results from private practices. Private gastroenterologists performing away from the support of hospital resources are probably reluctant to undertake difficult or advanced interventional procedures that would ultimately increase the risk of uncontrolled complications.
Frequency of perforation per polypectomy including EMR-ESD
Apart from these variations in incidence between different medical settings or study designs, it is important to realize that every endoscopic intervention (biopsy, hot biopsy, cold snare, electrosurgical snare, and endoscopic mucosal resection) carries its own risks, and that multiple therapeutic maneuvers during the same procedure have an additional effect on the final risk assessment. It seems more appropriate for future studies to present the incidence of perforation per polyp and additionally per patient, also taking into consideration the polypectomy technique being used. There are four studies [14, 21 -23] Table 3 ), 1858 colonic lesions of substantial size were excised using the EMR technique. Perforation was evidenced in only four patients, so approximately 1 perforation per 500 resections, but still we have Original article · This is a copy of the authorʼs personal reprint · to take into account that the prophylactic use of endoscopic clips, which is more common in this setting, may have influenced the incidence of this adverse event.
Endoscopic submucosal dissection (ESD) is a novel method for removal of large sessile or flat and depressed superficial colorectal lesions. Its name was given in 2003 and it was approved for treatment of early gastric cancer in Japan in 2006. This technique incorporates a mucosal incision followed by submucosal dissection of the lesion using special electrosurgical knives. The whole process demands advanced endoscopic skills, and training is still restricted mainly in Japan. Because of the level of difficulty and the availability, ESD is still not in routine use, especially in the colorectum, where the rate of complications is high. The perforation rate deduced from seven available studies [43 -49] (• " Table 4) , which present the removal of 648 lesions (37 % located in the right colon) using the ESD technique, is 5 % (range 1.4 % -10 %).
Frequency of perforation during sigmoidoscopy
The number of perforations induced by sigmoidoscopy appears to be lower than for colonoscopy [8, 11, 13, 50] (• " Table 5 ). The relative risk of causing a perforation was found to be four times higher [8] and the adjusted odds ratio was 1.8 for colonoscopy compared to sigmoidoscopy [13] . These results relate to all sigmoidoscopic procedures, both diagnostic and therapeutic. It is difficult to draw conclusions about the reason for this difference.
Are perforations more frequent in colonoscopies only because more bowel is traversed, more time is spent manipulating flexures, or just because the chance of a positive finding necessitating intervention is increased? Some authors believe that the sigmoid colon is more intensely stretched during colonoscopy, especially as the endoscope is being pushed into the cecum, so that it becomes more vulnerable to accidents, or, inversely, the incidence of perforation is lower during sigmoidoscopy because the unsedated patient can more efficiently alert the endoscopist to hold back on any forceful interaction [11] .
Risk factors ! Any kind of intervention during colonoscopy, from apparently simple biopsy sampling to the more demanding polypectomy, adds to the risk of major complications. It has been found that the risk of perforation is 1.9 times higher after biopsy or polypectomy [21] , and postprocedural mortality within 30 days is increased seven times after a perforation has occurred [13] . Awareness of the conditions that can lead to an increased incidence of complications are relevant to the provision of adequate treatment with minimal risk to the patient. In multivariate analysis studies, several risk factors for colonic perforation have been identified that relate to either patient or polyp characteristics (• " Table 6 ). Advanced age, female sex, the presence of multiple co-morbidities, diverticulosis, and bowel obstruction have been shown to increase the risk of perforation even before the initiation of any therapeutic interventions. Especially the general health status of the patient as expressed by age and additional pathologic conditions seems to be the most important determinant of perforation, with odds ratios for these features between 3 and 5. The influence of age on the risk of perforation is not clear as it has been challenged in other studies [9, 11] . One explanation is the interrelation of advanced age with an increasing number of co-morbidities, diverticulosis, and malignant stenosis, which are already associated with an increased risk of perforation. Moreover, degenerative changes of the myenteric plexus have been found in the aging gastrointestinal tract, in particular abnormalappearing ganglia, a decrease in neuron density, and an increase in the fibrous components of the neurons [51, 52] . These alterations result in reduced frequency of colonic contractions and may well alter the elastic properties of the colon, leading to increased vulnerability to the mechanical forces applied during endoscopy. When a polypectomy is contemplated, the size of the polyp has the major impact on the incidence of complication. Location in the right colon also seems to double the risk of major adverse events during polypectomy. Several other factors, such as the number of polyps per patient (1 vs. ≥ 2), configuration (peduncu- · This is a copy of the authorʼs personal reprint
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Original articlelated vs. sessile), histology (hyperplastic vs. neoplastic), and presence of malignancy, have been shown in univariate analysis to increase the perforation rate, but these results were not confirmed in multivariate analysis [22] . There are also other risk factors mentioned in various studies, but their implication is based not on strong evidence but merely on small samples and associations. Prior abdominal surgery, poor bowel preparation, and the type of medical specialty of the endoscopist are among the most frequent associating factors between perforation and colonoscopic examination [8, 11, 15] . It is well established that skill and efficiency come after years of practice and progressive maturation of thinking and knowledge. One measure of experience could be the volume of colonoscopies performed per year or the number of years in practice. It seems that in most of the aforementioned studies (• " Table 1) , the participating gastroenterologists were considered experienced with a mean colonoscopy volume ranging from 150 to 772 colonoscopies per year [21, 23, 24] and an average time-presence in their field from 8.4 to 11.5 or even up to 16.6 years, with corresponding incidences of perforation of 0 %, 0.016 %, or up to 0.03 % [15, 20, 24] . The frequency of perforation from two teaching hospitals [8, 11] where fellows were actively involved in colonoscopy procedures was revealed to be 0.2 % for all procedures, which is much higher than the cumulative percentage of perforations (0.07 %) of all the published series pooled together. In one report, although trainees were involved in 20 % of the colonoscopies, they caused 40 % of the perforations, but this was not significantly different to the number of perforations caused by their experienced supervisors [11] . The same lack of significance has been documented in another study, although the risk of perforation was double (odds ratio 2.24) for those endoscopists who had performed fewer than 100 colonoscopies compared with those who had performed more than 100 [53] . These findings support the dictum that experience is measured by taking into account the mistakes one has made, and that perforations are both unexpected and unavoidable even in skilled hands. Gastroenterologists as endoscopists seem to cause fewer perforations than surgeons (0.028 % vs. 0.08 %, respectively) [17] and internists (0.02 % vs. 0.06 %) [23] , but these differences are not significant. This lack of significant results might be because the numbers of complications are too small for statistical significance. In the recent study by Rabeneck et al. [25] , a colonoscopy volume per physician that was below 300 per year inversely affected the perforation rate almost three-fold. This conclusion was based on processing a part of the presented data, derived from one of the four provinces participating in the study, where the majority of colonoscopies were performed by general surgeons and internists and fewer by gastroenterologists (49.9 %, 25.1 %, and 22.9 % respectively). When the endoscopy volume as a measure of the endoscopists' experience was estimated only for gastroenterologists in the same province, there was no significant difference in the risk of perforation between those with an annual number of colonoscopies below 300 and those whose annual number was higher. This may well reflect differences in endoscopic training background and expertise between different specialties.
Mechanisms and presentation
!
Mechanisms of iatrogenic colonoscopic perforation
Iatrogenic colonoscopic perforations can result from diagnostic and therapeutic procedures. Diagnostic perforations are the result of either mechanical disruption of the colonic wall or excessive air insufflation (barotrauma). Mechanical damage can be induced directly by the tip of the endoscope, as for example when it is forcefully pushed into a diverticulum. Mechanical tearing can also result from the considerable stretching of the bowel, especially when loops are formed or the endoscope is advanced by the slide-by technique. Trapping a large amount of air into an "isolated" part of the bowel can become dangerous when any or all of the following conditions are present: there is a stenotic lumen due to obstruction or diverticulosis, a competent ileocecal valve and a prolonged procedure with poor bowel prep and difficulty in introducing the endoscope. Therapeutic perforations [1, 9] can be induced by any intervention involving dilation or electrocoagulation, including treatment of arteriovenous malformations and, most commonly, polypectomy. Electrocautery can be applied either with hot biopsy forceps or with thermal snares. Hot biopsy forceps combined with the use of pure coagulation current have been shown to produce deeper tissue injury and higher rates of histologic transmural damage in pig [54] and canine [55] animal models, respectively, in comparison to snares, bipolar electrocoagulation, and blended or pure cut current. Apart from in animal colon models, monopolar hot biopsy forceps have been implicated in adverse events such as perforations especially of the right colon in the clinical human setting [56] . It has been speculated that the thinner muscular wall of the right colon in conjunction with the degree and length of current application were the determinants of the high perforation rate in this bowel region (87 % of perforations occurred in the right side) [57] . The large number of physicians (369 endoscopists) involved in the latter study could have influenced the complication rate, as differences in mentality and technical skills might affect the use of hot biopsy forceps and electrosurgical *Odds ratios refer to risk factors for major complications after polypectomy which include perforation and severe bleeding (representing 1.1 % and 1.6 % of the overall complication rate in this study, respectively).
Original article · This is a copy of the authorʼs personal reprint · units. These results have not be substantiated in two subsequent studies [58, 59] where no complications were encountered and where the polypectomies were performed with hot biopsy forceps in single centers. Excision of small polyps (<7 mm) can also be achieved without the application of current by using cold biopsy or cold snaring, with a smaller risk of perforation [60, 61] . However, most polyps will require the use of an electrosurgical generator and current for their removal. Prolonged or intense application of current can result in transmission through the polyp stalk to the colonic wall, causing transmural burn and necrosis with subsequent leakage of intestinal contents into the peritoneal cavity. The terms "transmural burn syndrome" and "postpolypectomy coagulation syndrome" refer to the electrocoagulation injury induced in the bowel wall during polypectomy, which has a reported incidence of 0.51 % -1.2 % [62] . Argon plasma coagulation (APC) has become a useful adjunct to polypectomy, especially to EMR. There was no documented perforation or clinically significant complication following APC treatment of large sessile colonic polyps after piecemeal polypectomy in two prospective studies evaluating the efficacy of APC in reducing adenomatous recurrence [63, 64] . By contrast, there have been case reports of bowel explosion and pneumoperitoneum after APC treatment of radiation-induced proctitis [65] , angiodysplasias, or polypectomy sites [66] . The presence of combustible gases such as hydrogen and methane at critical concentrations in the lumen as a result of insufficient bowel cleansing together with electrosurgical sparking generated by APC can lead to an explosion. In the past decade (1999 -2007), eight cases of colon explosion following APC have been reported that resulted in five perforations repaired by surgery [67] . A rare occurrence is the "contrecoup burn," the result of transmission of current from the surface of the polyp to the opposite bowel wall by direct contact when the polyp is lifted to be cut. Other mechanisms of perforation during polypectomy involve inappropriate manipulation of the snare wire. Forcefully pushing the wire against the colonic wall in an attempt to grasp the polyp or inadvertently encircling normal bowel wall close to the polyp in the snare can cause trauma and eventually perforation.
Site and time of presentation
Perforations can be detected immediately during the procedure by visualizing the perforation site and beyond that fat or vessels. If a perforation is not detected immediately, the patient is likely to present a few hours or days later with symptoms. From the recently published studies spanning 2000 -2008 (• " Table 7) , it seems that a perforation is recognized immediately in one-quarter of cases (23 %) and that the majority of patients with a perforation (75 %) present within 24 hours. Nearly all perforations are diagnosed within 96 hours, with only rare reports of presentation beyond 2 -9 weeks [10, 11] . Diagnostic perforations usually become apparent immediately or within 24 hours, in contrast to therapeutic perforations, which manifest after some delay and often only become obvious after 24 hours [8, 17, 53] . Probably one of the reasons for this is that diagnostic perforations have been found to produce a larger defect than therapeutic ones (mean size 3.3 vs. 1.5 cm, respectively [53] , or, in another study, 1.9 vs. 0.9 cm [18] ). The most frequent sites of perforation are, first, the sigmoid and, second, the cecum in the right colon. This predilection may be the result of the shearing forces applied during endoscope insertion and the common location of diverticula and polyps in the sigmoid colon, both of which make mechanical or thermal injury more likely in this particular area. The cecum is well known to have a thinner muscular layer and a larger diameter of lumen than the rest of the bowel, both of which render it susceptible to the application of either current or barotrauma. In a literature review, old age, local pathology such as inflammation or diverticula, distal colonic stricture, and difficulty in introducing the endoscope were found to be risk factors for cecal perforations [68] .
Clinical picture in relation to level of induced injury
Immediate perforation, if not visible, can be suspected on the basis of sudden onset of unremitting abdominal pain or an inability to maintain air insufflation during examination. After a regular colonoscopy, it is common for the patient to experience a degree of crampy abdominal pain because of retained air in the bowel. This kind of discomfort usually subsides within 1 hour and is relieved as the patient expels the air. If the pain is sustained, intensifies, or becomes generalized and the patient is unable to expel air spontaneously or with the help of a rectal tube, then the diagnosis of a perforation should be excluded. The classical clinical picture is of peritoneal irritation with rebound tenderness, rigidity, and liver dullness on percussion of the abdomen, accompanied by fever, leukocytosis, and tachycardia. An abdominal radiograph can reveal free intraperitoneal air. Air can also be retroperitoneal along the psoas muscles or around the kidneys. There have even been reports of air found in the mediastinum, pleural space, and subcutaneously [10] . The tissue damage after polypectomy ranges from a transient transmural burn without frank perforation (post-polypectomy 
·
Original articlecoagulation syndrome) to perforations sealed by omental confinement and expand to extensive leakage of bowel content and induction of diffuse peritonitis (• " Fig. 1 ) [1, 10, 69] . It is important to recognize the post-polypectomy coagulation syndrome as it can be misleading, resembling a true rupture of the colon and presenting with pain, low fever, and mild leukocytosis. The discriminating features are the lack of severe symptoms and of free intra-abdominal air. This syndrome is treated conservatively, in contrast to diffuse peritoneal signs, which are an indication for immediate surgical intervention. Between these two extremes lies the so-called "mini" perforation, which is a minimal defect timely covered by peri-intestinal fat and omentum. This in fact can produce local pain and tenderness accompanied by free air in abdominal radiographs but without the septic picture of a more severe peritoneal contamination. The patient usually improves within 24 hours and there should be complete resolution of symptoms within 96 hours with conservative treatment. The dilemma as to whether the conservative or the surgical approach is the more appropriate management of this kind of perforation still exists.
Management and outcome
!
The management options for patients with a perforation of the colon include surgery, conservative treatment, and exploratory laparoscopy with repair. Endoluminal suturing using endoscopic tissue approximation devices is a novel technique which has been performed experimentally on animal models with good results [70] .
Surgical management: indications and types of operation
The surgical approach is considered definitive in the sense that the site of the defect is identified and subjected to closure or resection. However, operative management has the drawbacks of a high morbidity rate, substantial mortality, and a prolonged hospital stay (• " Table 8 ). Whenever the possibility of a large perforation is contemplated and the patient presents with symptoms and signs of peritonitis, the surgical approach is reasonable and safe. The types of operation include primary closure (suturing), resection with primary anastomosis, and resection with diversion (stoma) and secondary reconstruction [17] .
There are several factors that determine what kind of surgical repair will be ultimately used. In cases of extensive fecal contamination, multiple co-morbidities, or hemodynamic instability, a colostomy is preferred. Resection with primary anastomosis can be chosen for the patient with concomitant colonic pathology or minimal abdominal contamination. In all other cases with contained leakage and adequate bowel preparation, primary sutures can be applied. In one report of 72 colonoscopic perforations [18] , two factors were related to the choice of operational management: the type of the injury and the time to diagnosis. Delayed diagnosis has been associated with more extensive peritoneal contamination and mechanical injuries have been found to be larger, as previously mentioned. Both of those factors seem to lead more frequently to a colostomy, but the results did not reach statistical significance. The doubtful associations were not supported by another survey of 45 iatrogenic perforations [71] in which neither the time to diagnosis nor the site of perforation was related to the operative procedure or overall outcome. It seems that the patient's response to the injury and subjective judgement based on the intraoperative findings during laparotomy can affect decision making irrespective of pre-existing predictive indicators. Original article · This is a copy of the authorʼs personal reprint
· Conservative management: patient selection
Nonoperative management is the logical choice in carefully selected patients and may in these cases be associated with low morbidity and mortality with shorter hospital stay (• " Table 8 ). Generally it is accepted that patients fulfilling certain criteria can be treated conservatively with bowel rest, intravenous antibiotics, and close observation every 3 -6 hours. Perforations after therapeutic interventions with adequate bowel preparation in a stable patient with no signs of peritonitis and symptomatic improvement within 24 hours have been considered to represent the inclusion criteria [9] . As shown in • " Fig. 1 , this type of management is suitable for perforations that are covered in the sense that patient's defense mechanisms have timely sealed the defect and the colon has minimal bacterial load due to good bowel preparation. A similar condition that can resemble the tissue reaction to a mini perforation is the one that takes place during diverticulitis, which in most cases is also treated conservatively.
Surgical versus conservative treatment: patient triage
Pneumoperitoneum alone is not an indication for surgery. Free air could not be demonstrated on abdominal radiograph in 15 % of patients with a compatible clinical picture or surgically verified perforation [18, 71, 72] . Similarly, there were patients with intraperitoneal air shown radiographically but no signs of peritoneal irritation who were managed conservatively with good results. The decision on whether surgery or nonoperative treatment should be employed will depend on the type of injury, the quality of bowel preparation, the underlying colonic pathology, and the clinical stability of the patient. As shown in • " Table 7 ,
there are 9 studies published between 2000 and 2008 that provide adequate information on the course of action followed after a total of 253 colonoscopic perforations. The majority (88 %) were referred to surgery but at the cost of 24 % postoperative morbidity and 5.4 % mortality. The high mortality rate after surgery can probably be attributed to patients with a delayed diagnosis of perforation (more than 24 hours) and accompanying serious comorbidities in two series that reported the highest numbers of deaths [8, 18] . In one report, the mean hospital stay of patients treated surgically was 12.5 days, in comparison to 6.7 days for those treated conservatively. There is also the possibility that the site of perforation cannot be identified during laparotomy, as was reported in a survey in which 8.3 % of 35 perforations were missed intraoperatively [8] . Conservative treatment was deemed appropriate in only 1 in 8 of the patients who were suffering from a perforation (31 patients treated conservatively), with resultant morbidity and mortality both 3.2 % even when those who failed to respond to conservative treatment and were referred to surgery were included (15 %). The true balance lies in prompt evaluation and appropriate judgment based on clinical experience and a fine estimation of the risks and benefits. In a multivariate analysis, the sole major determinant of survival after a perforation was the septic state of the patient, not the type of perforation nor the degree of peritonitis [73] .
The laparoscopic approach
Laparoscopy can be an alternative procedure if appropriate expertise is available. The patient is subjected immediately to a laparoscopic exploration and repair is undertaken if the perforation is smaller than 2.5 cm, the abdomen is free of fecal contamination, and there is no residual colonic pathology or inflammation. There are 32 cases published in the literature relating to the laparoscopic management of iatrogenic colonic perforations [7, 74] . This approach resulted in a success rate of 75 %, with morbidity and mortality 19 % and 3 %, respectively. The mean hospital stay was 8 days. Laparoscopy seems to promise a less invasive and quite efficient method of urgent delineation of the diagnosis and fast recovery, but experience with colon repair is limited so far and the rate of adverse events is almost similar to that of open surgery.
Prevention
!
Colonoscopic perforations are not always avoidable even by skilled hands. It is, however, necessary to establish a course of action during practice that can effectively minimize the occurrence of unwanted complications. Especially for polypectomy, the establishment of particular rules that can prevent iatrogenic damage is difficult because various factors contribute independently to the final outcome. The specific characteristics of the polyp, the endoscopist's awareness and experience, the electrical devices and accessories in use, and the assistant's alertness can all influence the result of a multifactorial intervention.
General preventive measures
Based on accumulated experience, there are several measures that can prove useful during colonoscopic polypectomy: 1. Careful insertion of accessories through the working channel of the endoscope. 2. Gentle manipulation of the snare wire while it is open in the lumen. 3. Ensnaring the polyp without including normal tissue in the snare. 4. Forward and backward movement of the snare after grasping the polyp to make sure that the deeper muscle layer is not included in the snare. 5. Encircling the polyp stalk at approximately one-third of the distance between the head of the polyp and its base, in order to avoid excessive transmission of thermal energy to the bowel wall and at the same time leave adequate stalk length to be grasped if bleeding develops from the feeding vessel. 6. Lifting the polyp into the lumen taking care not to contact the opposite bowel wall or allow the tip of the snare to touch normal tissue in the area proximal to the polyp. 7. Checking that the settings of the electrosurgical generator match preset values or are appropriate to the size and configuration of the polyp. 8. Making sure that the assistant handling the snare is adequately trained and alerted to apply the correct force during cutting to optimize the mechanical and electrical effect on the polyp at the same time. Coordination between the endoscopist's foot on the pedal of the electrical device applying current and the assistant's hand squeezing the snare handler is imperative for a good result. 9. Using a submucosal cushion of injection-assisted polypectomy, especially in large colorectal polyps, before cutting.
Pure cutting, coagulation, or blended current [76] . In a survey on gastroenterology practices among 189 American gastroenterologists working in both hospital and private environments, it was demonstrated that the preferences of the endoscopists were mainly divided between blended (46 %) and pure coagulation current (46 %), and that a far smaller proportion (3 %) were using pure cut [77] . If these practices are found to represent reality in general, then it is obvious that the type of current is not one of the determinant parameters of a perforation, but the amount and duration of current application in conjunction with other factors might play a role.
Hot biopsy or cold snaring for smaller polyps
In the aforementioned report [77] , it was also shown that diminutive polyps (1 -3 mm in size) were preferably removed by forceps, either hot or cold (83 % of the polyps removed by forceps), and polyps 4 -6 mm in size were preferably removed by hot snare or hot forceps (70 % of the excised polyps). Although the use of hot biopsy forceps for the resection of polyps measuring up to 5 mm is acceptable [78] , it has been recorded to yield a perforation rate of 0.05 % for the entire colon and 0.26 % when used in the ascending colon [57] . The combined results of two more recent studies [58, 59] that evaluated the safety of hot biopsy forceps on 969 small polyps up to 8 mm in size reported no complications, but concerns were raised over the completeness of the excision, as 17.7 % of the polyps were not totally eradicated [58] , and on the histologic integrity of the specimens. An interesting alternative for risk reduction in removal of diminutive polyps is the cold snaring technique. This method, which was first described in 1992 but has recently been regaining attention, involves the use of a tiny snare to resect the polyp mechanically (guillotine) without the application of current. The first results on 88 polyps were encouraging, without any complications [61] , and a later study [60] confirmed the same yield on 400 polypectomies, with minor, immediate, spontaneously resolving hemorrhage being the only adverse event. Eradication of the polyps and the retrieval rate were considered high, while the quality of the specimens [79] was better than with hot biopsy forceps.
Use of endoscopic clips
Endoscopic clips have been used to seal visible or suspected immediate perforations in order to avoid abdominal contamination and subsequent operative management. Since the first report from Yoshikane et al. [80] , the utility of endoscopic clips for managing therapeutic perforations has been tested on other occasions [22, 81] with good results. In these cases the defect was less than 10 mm in size and was recognized immediately after either the completion of a snare polypectomy or an endoscopic mucosal resection, although there is also one report of using clips after a diagnostic perforation [82] . Usually the application of three or four clips was adequate to close the perforation and allow the patient to be kept under conservative treatment until recovery, which was completed in 7 -10 days. There is no study directly comparing clips with surgery or nonoperative management, but it seems that they can be an alternative solution to prevent the triggering of the septic cascade by precluding the leakage of bowel content into the peritoneal cavity, and also promoting tissue apposition and healing.
Conclusion
!
The demand for polypectomy during colonoscopy will probably increase in the future with the rapid further introduction of colorectal cancer screening programs, which have been shown to reduce the incidence of colon cancer. Therapeutic interventions will inevitably lead to a greater number of complications, one of them being perforation. The morbidity and mortality following a perforation are considerable and must prompt endoscopists to take effective measures to avoid them. Knowledge of the risk factors, adoption of preventive actions, early recognition of signs and symptoms, and an adequate management plan are essential tools for defending patient health and medical professional integrity.
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